Polymeric resins with different copolymeric matrices viz., acrylonitrile/divinylbenzene/vinylbenzyl chloride (AN/DVB/VBC), styrene/divinylbenzene/vinylbenzyl chloride (ST/DVB/VBC), vinylbenzyl chloride/divinylbenzene (VBC/DVB) have been prepared by suspension polymerization. The polymeric matrices were functionalized with ethylenediamine (ED) and were employed as sorbents for the removal of copper ions from aqueous solution by the batch sorption method. Synthesized resins were characterized using FTIR, elemental analysis, DSC, BET surface area and SEM with EDAX analysis. The influences of pH, effect of contact time, interfering of common ions, selectivity of other metal ions and temperature on the amount of copper sorption by the modified resins were studied. AN/DVB/VBC-ED resin was found to have excellent copper sorption capacity (CSC) than the other prepared resins. The experimental data fitted well to the Langmuir and Freundlich isotherms. Thermodynamic parameters such as Δ H°, Δ S° and Δ G° were calculated indicating that the sorption was a spontaneous and endothermic. The removal of copper by the resins was mainly governed by chelation mechanism. AN/DVB/VBC-ED resin was effectively regenerated using 0.1 M EDTA and reused for more than 5 cycles.
INTRODUCTION
Heavy metals are not biodegradable and tend to accumulate in living organisms, causing various diseases and disorders [1] . Among them, copper is greater concern. Copper is toxic at high concentrations, with effects including vomiting, cramps, convulsions etc., [2] . The selective and quantitative separation of ions related to water treatment has received increasing importance in recent years. Polymeric resins are drawing great attention because of their high porosity, amazing mechanical strength, stability, insolubility, excellent chelation behavior and high selectivity toward pollutants which renders them environmentally compatible. Since the choice of ligand introduced in the resins plays an important role in achieving the selectivity, attempts have been made to incorporate a vast number of chelating groups into the polymeric matrix [3, 4] . Increasing environmental concerns in water treatment has led to the use of organic ligands anchored to solid supports in order to remove and recover toxic ions from aqueous solution [1, 3] . The stability, regeneration ability and practical applicability of synthetic polymers are well known. Rajiv Gandhi et al. [1] and Viswanathan et al. [3] studied the ethylenediamine functionalized co-polymeric resins for the chromium and fluoride removal respectively. Liu et al [5, 6] studied diethylenetriamine-grafted poly(glycidyl methacrylate) adsorbent for the removal of Cu(II) and lead(II) and reported amine grafted resin has excellent selectivity in the sorption of copper over lead. Deng et al. [7] studied the aminated polyacrylonitrile fibers for lead and copper removal and explained the sorption mechanism using X-ray photoelectron spectroscopy. Amino groups have been identified as best chelating ligand for heavy metal removal. Hence, it was aimed to prepare different copolymeric matrices. These polymeric matrixes possess appreciable metal sorption capacity. To further increase its selectivity towards Cu(II) ions, introduced amino groups in the polymeric matrixes i.e., the chlorine group in the respective polymeric matrix has been converted to amino group by treating with ethylenediamine. These polymers were having similar functional groups with different polymeric matrices. Depending upon polymeric matrices, amino functionalization and the copper sorption capacity also increased. Among the prepared polymers acrylonitrile based polymer showed higher copper sorption capacity than the styrene and vinyl benzyl chloride. The main advantage of acrylonitrile based polymer was found to be higher amino functionalization in the matrices. The systematic thermodynamic equilibrium sorption studies was performed. 4 and all other chemicals and reagents were of analytical grade.
Synthesis of various polymeric matrixes
The various synthetic polymeric matrixes viz., vinylbenzyl chloride/divinylbenzene (VBC/DVB), styrene/ divinyl benzene/ vinylbenzyl chloride (ST/DVB/VBC) and acrylonitrile/divinylbenzene/ vinylbenzyl chloride (AN/DVB/VBC) resins were prepared by a suspension polymerization technique [4] and subsequently the chlorine in the polymeric matrix has been converted into an amino group by treating with ethylenediamine (ED) according to Rajiv Gandhi et al. [1] .
Analysis
The metal ions concentrations were measured using the atomic absorption spectrometer (Perkin Elmer AAnalyst 100) [2] . Duplicate measurements were made so that the residual concentration values were reproducible to within ±2%. The surface morphologies of the resins before and after treatment with Cu(II) ions were visualized by scanning electron microscopy (SEM) using a Hitachi-S-3000H instrument fitted with an energydispersive analysis by X-rays (EDAX). Surface area measurements were obtained using a Micromeritics-Tristar 3000 instrument and a NOVA 1000 high-speed gas sorption analyzer. 
Sorption experiments
Sorption experiments was performed in duplicate by employing the batch method by mixing 0.1 g of the sorbent with 100 mL of 
RESULTS AND DISCUSSION

Effect of contact time
The copper sorption capacities (CSCs) of the polymeric resins were determined by varying contact time in the range of 30-360 min. About 0.1 g of the resin was placed into 100 mL of the 10 mg/L initial copper solution. It is evident from Figure 1 , the CSC of all the sorbents reached saturation after 180 min. Hence, 180 min was fixed as the contact time for the sorbents for further studies. The CSC at 180 min for AN/DVB/VBC-ED resin, ST/ DVB/VBC-ED resin and VBC/DVB-ED resin were found to be 8.5, 6.0 and 4.01 mg/g respectively.
Effect of pH
The removal of copper from the aqueous solution was highly dependent on the solution pH. Hence, the CSC of all the polymeric resins was determined at different pH levels and the results are shown in Figure 2 . It is apparent from Figure 2 , pH has influenced the CSC of the resins. A maximum CSC was observed at pH 6 and a slight decline in CSC was observed in acidic medium. In acidic medium, CSC of all the resins decreases due to the protonation of amine groups, which reduces the number of binding sites for the sorption of Cu(II) and higher H + ions retards Cu 2+ sorption.
As the concentration of H + ions decreases with increasing pH of the medium, more number of Cu(II) ions was chelated and hence observed higher sorption near pH 6. At pH value higher than 6, the adsorption studies could not be carried out because of the precipitation of Cu(II) ions as Cu(OH) 2 [2] . As the AN/DVB/VBC- ED resin possessed higher CSC than the ST/DVB/VBC-ED resin and VBC/DVB-ED resin at all pH ranges studied. Hence, further studies were limited to AN/DVB/VBC-ED resin and throughout the study the pH of the medium was maintained at 6 without adjusting the solution pH. Figure 4a and after sorption of copper on AN/DVB/VBC-ED resin is shown in Figure  4b . The change in the SEM micrographs of the resin before and after copper treatment indicates the structural changes in the resin. This is further supported by EDAX analysis.
Effect of common ions in the medium
The copper sorption has occurred on AN/DVB/VBC-ED resin which was confirmed by the presence of copper peak in EDAX spectra of copper treated AN/DVB/VBC-ED resin (cf. Fig. 4c ). The characteristics of the AN/DVB/VBC-ED resin for example, were particle size = 0.27 mm, density = 0.669 g/cm 3 and BET surface area = 0.07 m 2 /g.
The elemental analyses of the synthetic resins before and after amination are reported in Table 1 . After amination of the synthetic resins, the percentage nitrogen content was found to increase. This confirms that amination of the polymeric resin occurred. Figure  5 shows a DSC thermogram of AN/DVB/ VBC-ED resin, which has peaks at 122.14 and 198.8 ℃ corresponding to the melting and degradation temperatures, respectively. This indicates that AN/ DVB/VBC-ED resin was thermally stable. 
Adsorption isotherms
In order to quantify the sorption capacity of the resin for copper sorption, the two most commonly used isotherms namely Freundlich and Langmuir isotherms have been adopted.
Freundlich isotherm: The linear form of Freundlich isotherm [8] is represented by the equation,
log q e = log k F + 1 log C e (2) n where qe is the amount of Cu(II) ions adsorbed per unit weight of the resin (mg/g), C e is the equilibrium concentration of copper in solution (mg/L), k F is a measure of adsorption capacity and 1/n is the adsorption intensity. A linear plot of log q e vs. log C e indicates the applicability of Freundlich isotherm. The values of Freundlich isotherm constants for the resin were calculated from the slope and intercept of the linear plot are presented in Table 2 . The values of 1/n lying between 0 and 1 and the n value in the range of 1 to 10 confirm the favorable conditions for adsorption. The k F values of the resin were observed to increase with increase in temperature confirming the endothermic nature of sorption.
Langmuir isotherm:
Langmuir isotherm model [9] can be represented by the equation, Table 2 . The Q o values of AN/DVB/VBC-ED resin were found to increase with increase in temperature again confirming the endothermic nature and temperature dependence of the sorption process. The result also shows that the energy of adsorption (b) increases with increase in temperature, indicating that Cu(II) ions sorption takes place more readily with increase in temperature. In order to find the feasibility of the isotherm, the essential characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor or equilibrium parameter, R L [10] .
where b is the Langmuir isotherm constant and Co is the initial concentration of copper (mg/L). The R L values lying between 0 and 1 indicate favorable adsorption for all the temperatures studied (cf. Table 2 ).
Chi-square analysis:
To identify a suitable isotherm model for the sorption of copper on resin, this analysis has been carried out [7] . The equivalent mathematical statement is
where q e,m is equilibrium capacity obtained by calculating from the model (mg/g) and q e is experimental data of the equilibrium capacity (mg/g). If data from the model are similar to the experimental data, χ 2 will be a small number, while if they differ, χ 2 will be a bigger number. The results of chi-square analysis are presented in Table 2 . The higher r values of Freundlich over Langmuir isotherm indicated the suitability of Freundlich isotherm than the Langmuir isotherm. This fact was further supported by low chi-square values [11] of Freundlich isotherm.
Thermodynamic treatment of the sorption process:
Thermodynamic parameters associated with the adsorption, viz., standard free energy change ( Δ Gº), standard enthalpy change ( Δ Hº) and standard entropy change ( Δ Sº) were calculated as follows. The free energy of sorption process, considering the sorption equilibrium coefficient K o , is given by the equation
where Δ Gº is the standard free energy of sorption (kJ/mol), T is the temperature in Kelvin and R is the universal gas constant (8.314 J mol
determined from the slope of the plot ln (q e /C e ) against C e at different temperatures and extrapolating to zero Ce according to the method suggested by Khan and Singh [12] . The sorption distribution coefficient may be expressed in terms of Δ Hº and Δ Sº as a function of temperature: 
Selectivity of the metal ions
The selectivity of a specific metal ion by the AN/DVB/VBC-ED resin from the admixture of Cu(II), Pb(II) and Ni(II) were studied. About 0.1 g of the resin was placed into 100 mL of the 10 mg/L initial mixed metal ions solution. The mixture was shaken at room temperature in a thermostatic shaker at a speed of 200 rpm for 1 h. Table 4 , provides the sorption capacity of Cu(II), Pb(II) and Ni(II) taken for the investigation, when they were in the form of co-ions. The sorption capacity of Cu(II) ions is high compare to Pb(II) and Ni(II) ions. Usually, amine groups forms a unique complex with copper than Pb(II) and Ni(II). Cu(II) ions selectivity chelates with AN/VBC/DVB-ED resin which possessing the amino groups. Similar types of copper selectively by amine based sorbents were reported by Liu et al. [6] and Chen et al. [13] .
Regeneration studies of AN/VBC/DVB-ED resin
Desorption of Cu(II) ions from AN/DVB/VBC-ED resin was examined with 0.1 M EDTA and 0.1 M HCl solution. 1 g of resin was added into 50 mL of Cu(II) ions solution (100 mg/L). The mixture was shaken in a water bath shaker at 200 rpm and at 25 ℃ for 1 h, resin was taken from the solution and Cu(II) ions remaining in the solution was measured. Then, the Cu(II) sorbed resin was added into 50 mL of the respective EDTA/HCl solution. The mixture was shaken for 1 h, and the amount of Cu(II) ions desorbed into the solution was measured. After the desorption test, the resin was separated and washed with deionized water, and reused in the next cycle of adsorption experiment. The adsorption-desorption experiments were conducted for five cycles and results were shown in Table 5 .
It was found that the Cu(II) ions adsorbed resin was easily desorbed with 0.1 M EDTA. The desorption efficiency reached about 99% after the first cycle. Even after 5 th cycle, the regeneration capacity was found to be more than 95.7% with EDTA and 84.2% with HCl. The desorbed resin was highly effective for the readsorption of Cu(II) ions and the adsorption ability of sorbent found to be constant after several adsorption-desorption cycles. The regeneration process of Cu(II) ions follows coordinate complexation mechanism with EDTA and ion exchange mechanism with HCl.
Mechanism of copper sorption
The removal of copper by the AN/DVB/VBC-ED resin was governed by chelation. At acidic pH, the Cu(II) removal is only governed by chelation wherein the possibility of exchange of Cu(II) was restricted in the presence of H + ion as it also competes with Cu(II). At pH around 6, where the H + ion concentration is less, Cu(II) chelates with resins and removed by chelation mechanism [2] . The schematic structure of AN/DVB/VBC-ED resin is shown in Scheme 1 and the probable mechanism of copper sorption is show in Scheme 2
CONCLUSIONS
Polymeric resins with different copolymeric matrices were prepared and evaluated for the sorption of Cu(II) ions from the aqueous solution. All the resins attained maximum CSC at 180 min. In AN/DVB/VBC-ED resin, the numbers of amino functional groups are more and hence more surface charges are available for attracting metal ion which in turn showed higher SC than the other two types of resins. Sorption of copper was influenced by the pH of the medium and in the presence of co-ions slightly.
Copper sorption onto AN/VBC/DVB-ED resin follows Freundlich isotherm. The nature of sorption process of the AN/VBC/DVB-ED resin is spontaneous and endothermic. The selectivity of a specific metal ion by the AN/DVB/VBC-ED resin from the admixture of Cu(II), Pb(II) and Ni(II) was found to be Cu(II)> Pb(II)> Ni(II). The removal of copper by the resins was governed by chelation mechanism. AN/VBC/DVB-ED resin was effectively regenerated using 0.1 M EDTA and reused for more than 5 cycles and these resins could be utilized for the successful removal of copper from aqueous solutions.
